This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



™S PAGE BLANK 



(USPTO) 



® 



J) 



Eur palsches Pat ntamt 
European Patent Offlc 
Office europ6en des brevets 



7 



© Publication number: 



0 222 586 

A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 86308583.3 
@ Date of filing: 04.11.86 



© Int. CI. 4 : C 08 G 59/00 

C 08 G 59/68, C 07 D 303/28. 




© Priority: 05.11.85 JP 247712/85 




Applicant: OSAKA SODA COMPANY LIMITED 


10.12.85 JP 278560/85 


1 0-8, Edobori 1 -chome NUhl-ku 


20.01.86 JP 10763/86 




Osaka-shl Osaka-fu (JP) » c . 


© Date of publication of application: 




Inventor: Mlura, Katsuhlto 


20.05.87 Bulletin 87/21 


2-35-2, Ohshlma 


© Designated Contracting States: DE FR GB 




Amagasakl-shl Hyogo-ken (JP) 




Nakata, Tatsuya 






1-5-18, Kamlchujo 






Ibarakl-sht Osaka-fu (JP) 




® 


Representative : Myerscough, Philip Boyd et at 






JJUCemp & Co. 14, South Square Gray's Inn 






London, WC1R5EU (GB) 



8 

CM 



Si 



@ Polyether polymer or copolymer, monomer therefor, and process for production thereof. 

represented by the following formula (II) 



@ A polyether polymer or copolymer with a pendant group of 
the formula . . 

-CH 2 -0-CH 2 -C - /C H 2 
O .. 



In Its molecule, said polymer or copolymer consisting essen- 
tially of (I) I to 100 moleSta of recurring units represented by the 
following formula (I) 



4CH--CH-Of 
* i 



(II) 



and having a reduced viscosity %»d. determined at 45" C in its 
0.1% by weight benzene solution or at 80* C In its 0.14b by weight 
monochlorobenzene solution, ot at least 0.01; a process for 
producing thereof and novel epoxyether compound therefor. 



4CH 2 -CH-Of 

CH, CH, 
0-CH,-C - CH- 

2 V 2 

and 



(I) 



(2) 0 to 99 mole <Vb of at least one type of recurring units 
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D scrlptlon 

POLYETHER POLYMER OR COPOLYMER, MONOMER THEREFOR, AND PROCESS FOR PRODUCTION 

THEREOF 

This invention relates to a novel polyether polymer or copolymer of the type in which a side chain having an 
5 oxirane group Is pendant from a main chain having a polyether structure, a novel monomer used in the 
production of. the polyether polymer or copolymer, and to processes for producing the polyether polymer or 
copolymer and the monomer. Particularly, this invention relates to a solvent-soluble polyether polymer or 
copolymer with a pendant group of the formula 

10 CH 3 

-CH 9 -0-CH 0 -C - CH. 

2 V 

1$ t - .--^ ^ . 

in its molecule, a novel monomer used in its production, and to a process for producing the polyether polymer 
or copolymer. The polymer or copolymer is useful, for example, as an epoxy resin, a rubber or elastomeric 
material, an adhesive, a paint, and a reactive polymer intermediate. 
More specifically, this invention pertains to a polyether polymer or copolymer with a pendant group of th' r 

20 formula 

CH 3 

-CH 9 -0-CH o -C - CH 0 
2 2 \ / 2 



25 



30 



in its molecule, said polymer or copolymer consisting essentially of 

(I) I to 100 moieo/o of recurring units represented by the following formula (I) 

4CH--CH-Of 



CH 0 CH, (I) 
i z | & t - 

0-CH o -C - CH ' 

2 V 2 

and 

(2) 0 to 99 moleo/o of at least one type of recurring units represented by the following formula (II) 

40 *CH--CH-Of (II) 

R * 

- wherein R represents a member selected from the class consisting of a hydrogen atom, substituted or 
4 5 unsubstituted Ci-da alky! groups, substituted or unsubstituted C2-C16 alkenyl groups, substituted or 

unsubstituted C3-C8 cycloaikyl groups and substituted or unsubstituted Ce-Cu arylgroups. 
and having a reduced viscosity ^ed. determined at 45° C in its 0.|0/ 0 by weight benzene solution r at 80° C 
in its 0.|o/o by weight monochtorobenzene solution, of at least 0.01. 
This invention also pertains to 2,3-epoxypropyl-2',3'-epoxy-2'-methylpropyl ether represented by the 
50 following formula (l-a) 

CH 3 

H 2 C v ~ CH-CH 9 -0-CH 9 -C - CH 0 (I-a) 
* \ / 2 2 \ / 2 

55 O O 

which is not described in the known literature, and which is useful for producing a polymer composed of the 
recurring units of formula (I) or a c polymer comprising the recurring units of formula (I). 
6} This invention further pertains to processes for producing the polyether polymer or c polymer and the 
monomer of f rmula (l-a). 

Vari us difunctional or higher oxirane compounds have been known and used in varl us applications. For 
example, diglycldyl ether f the following formula 
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0 



\y 2 



oxlrane functional V«^«^T2 XT J? eXP ? Cted 0W! " 9 '° the presence of ,he ' 
functional groups. P een made in ,he t0 Polymerize monomers having 

rnc^sxVorptnVM - « * - *Uy ^ . 



CH 



. reaction »p!iSSS^^L^^^^ *T7£. a C .° mp0Und °' formu,a (| - a) to have unl < ue 
■it 4^^^ oV^ tn^' ~ ,Ub ' 9 



? H 3 

•CH 2 -0-CH 2 -.^- /C H 2 



is SlSSEKiSS^ S,rUC,Ure ' l nd ,hat ,he resul «"9 Pother potymer or cop .ymer 

a reactive pojrnel ^^Jj •«■" -Poxy nt»n. . rubber or .last meric material, an adhesive, a paint and 



/5 
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55 



I 3 . 40 



45 



SO 



is 
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It Is an object of this Invention therefore to provide a novel polyether p lymer or copolymer with a pendant 
group of th formula 



5 i ■* 

-CH,-0-CH«,-C - CH, 

_ V . 

10 in its molecule, a novel Afunctional oxirane compound used in the production of the polymer or cop lymer, 
and processes for producing the polymer or copolymer and the difunctional oxirane compounds. 

The above and other objects of this invention along with its advantages will become more apparent from the 
following description. 

The difunctional oxirane compound of this invention, 2,3-epoxypropyl-2',3'-epoxy-2'-methylpropyl ether of 
15 the following formula (l-a) 

CH 3 

3 2 1 V 2 \ 3' 
20 H 2 C - CH — CH 9 -0-CH 0 — C - CH 0 (I-a) 

0 o 



can be synthesized by properly selecting ether synthesizing means and oxirane ring forming means known per 
25 se. 

In one embodiment, the compound of formula (l-a) can be synthesized by epoxidizing a known compound, 
allyl methaltyl ether of the formula 

30 ■ J 

CH 2 =CH-CH 2 -0-CH 2 -C=CH 2 (I-b) 

with ah oxidizing agent such as hydrogen peroxide or a peroxy acid. When hydrogen peroxide is used in this 
embodiment the compound of formula (l-a) can be formed by contacting allyl methallyl ether with hydr gen 

35 peroxide in the presence of a weakly alkaline substance such as potassium hydrogen carbonate and a nitril 
compound such as acetohitrfle, optionally using a solvent such as methanol, to epoxidize allyl methallyl ether. 
Alternatively, the compound of formula (l-a) can be formed by contacting allyl methallyl ether with hydrogen 
. peroxide in the presence of a catalyst, for example a compound of a metal such as selenium, tungsten, or 
molybdenum (e.g., selenium dioxide, a tungstic acid or a molybdic acid) to epoxidize allyl methallyl ether. 

40 In the practice of the first-mentioned epoxidiz ation reaction, the amount of the weakly alkaline substance 
can be properly varied, but is, for example, about 0J to I part by weight per part by weight of allyl methallyl 
ether. The amount of the nitrile compound used can also be properly varied. It is, for example, about I to 10 
moles per mole of the allyl methallyl ether. The amount of the solvent used can also be varied properly, and is; 
for example, about 0 to 10 parts by weight per part by weight of allyl methallyl ether. The reaction temperature 

45 and time can also be properly varied. For example, the reaction temperature is about 10 to 70° C, and the 
reaction time Is about 0.5 to 50 hours. The concentration and amount of hydrogen peroxide can also be varied 
properly. For example, an aqueous solution of hydrogen peroxide having a concentration of about 10 to 60% by 
weight is used in an amount of about I to 10 moles per mole of allyl methallyl ether. 
In the practice of the latter epoxidization reaction, the amount of the metallic compound catalyst can be 

SO properly chosen, and Is.for example, about 0.001 to 0.1 mole per mole of allyl methallyl ether.The reaction 
temperature and time can also be properly varied. For example, the reaction temperature is about 20 to 90°C, 
and the reaction time Is about 0.5 to 50 hours. The concentration and amount of hydrogen peroxide can als be 
varied properly. For example, an aqueous solution of hydrogen peroxide having a concentration of about 10 1 
600/o by weight is used In an amount of about 0.1 to 10 moles per mole of allyl methallyl ether. 

55 When the peroxy acid is used In the above embodiment, the compound of formula (l-a) can be obtained by s 
contacting allyl methallyl ether with the peroxy acid in the presence or absence of a solvent such as 
tetrahydrofuran, diethyl ether or methylene chloride to epoxidize it. Examples of the peroxy acid used include 
organic peroxy acids such as peroxyacetic acid, peroxybenzoic acid, and peroxyformic acid. The amount of 
the peroxy acid can be varied properly, and Is, for example, about I to 10 moles per mole of allyl methallyl ether. 

60 The amount of the solvent used can be varied properly, and is, for example, about 0 1 100 parts by weight per 
part by weight of allyl methallyl ether. The reaction temperature and time can also be suitably selected. The 
reaction temperature is. for example, ab ut 0 to 60**0. and the reaction time is ab ut I to 100 hours. 

In another embodiment, the compound f formula (l-a)-can be synthesiz d by utilizing a halohydrin method 
known £er se. In this embodiment, the compound of formula (l-a) can be synthesized by c ntacting a 

65 suspension of allyl methallyl ether in water with a halogen such as bromin or chl rine to f rm a halohydrin 
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compound, and reacting th halohydrin compound with a suitable base such as slaked lime and sodium 
hydroxide to perform ring-f rming reaction. In the practice of this emb diment, the amount f water used in 
the halohydrin-forming reaction can be selected pr perly. and is. for example, about 10 to 1.000 parts by weight 
per part by weight of allyl methallyl ether. The amount of the halogen can also be properly varied and is for 
example, about I to 10 moles per mole of allyl methallyl ether. The reaction temperature and time can also be 
varied properly. For example, the reaction temperature is about 10 to 80° C, and the reaction time is about 0 5 to 
50 hours. In the epoxidization reaction of the resulting halohydrin compound, the amount of the base used can 
be properly chosen, and is. for example, about I to 10 moles per mole of allyl methallyl ether. The reaction 
temperature and time can also be properly chosen. For. example, the reaction temperature Is about 10 to 100° C 
and the reaction time is about 0.5 to about 70 hours. 

According to still another embodiment, the compound of formula (l-a) can be produced by a method whicrf 
does not go through the form of (l-b). In this embodiment, the compound of formula (l-a) can be obtained by 
ethenfying a mixture of a suitable combination of an epihalohydrin with an alcohol, for example a combination 
of epichlorohydrin and beta-methyl allyl alcohol or a combination of beta-methyleplchlorohydrin and allyl 
alcohol, using a phase transfer catalyst such as a quaternary ammonium salt or a crown ether and a suitable 
base such as sodium hydroxide or potassium hydroxide in the presence or absence of a solvent such as 
dimethylformamide, and epoxidizing the resulting ether compound. In the practice of this embodiment the 
amount of the base used in the etherification reaction can be properly varied, and is, for example, about 0 5 to 5 
moles per mole of the halohydrin compound. The amount of the catalyst used can also be varied properly and 
Is for example, about 0.001 to 0.1 mole per mole of the halohydrin compound. The amount of the alcohol can 
. also be suitably varied, and is, for example, about 0.1 to 10 moles per mole of the halohydrin compound The 
amount of the solvent which may be used can be varied properly, and Is. for example, about 0 to 100 parts by 
weight per part by weight of the halohydrin compound. The reaction temperature and time can also be properly 
choseoFor example, the reaction temperature is about 10 to 80°C. and the reaction time is about 0 5 to 50 
hours. The epoxidization of the ether compound obtained by this reaction can be carried out also by the 
aforesaid methods, for example by using hydrogen peroxide or a peroxy acid, or by the reaction of formino a 
halohydrin compound. a 

The compound of formula (l-a)' which is not described in the prior literature and can be obtained as 
described above In detail has in its molecule two reactive oxirane rings having different reactivities The 
compound (l-a) can be used in various applications, for example as an intermediate for organic syntheses a 30 
monomer for ring-opening polymerization, a monomer for crosslinking. a reactive plasticlzer, a material for 
epoxy resins, an adhesive, a paint and a surface-treating agent. 

According to this Invention, the use of the compound of formula (l-a) can lead to a polyether polymer r 
copolymer with a pendant group of the formula 



? H 3 

2 2 \/ 2 

O 



4CH.-CH-0* 



10 



15 



20 



25 



35 



40 



45 



in ftS ^I e i UlB and hav!n9 a reduced viscosity TUed. determined at 45° C in its O.io/o by weight benzene solution 
or at 80 C In Its 0.|o/o by weight monochlorobenzene solution, of at least 0.0I. 

In the present invention, the reduced viscosity x\ t ^ of the polymer or copolymer is measured by the 
following method. 

As a solvent, benzene is used for the homopolymer and a copolymer with propylene oxide or other 
copolymers, which are easily soluble in it. and monochlorobenzene is used for copolymers difficultly soluble in 
benzene, or example a copolymer with epichlorohydrin. The homopolymer or the copolymer is dissolved in a 
concentration of 0.|o/ 0 by weight in a benzene or monochlorobenzene solution containing 0.|o/ 0 f 
2,2.methylenebis(4-methyl-6-t-butylphenol). Using the solution, the reduced viscosity of the polymer r 50 
copolymer is measured by means of an Ubbelohde viscometer at 45"C for the benzene solution and 80°C for 
the monochlorobenzene solution. 

The novel polyether polymer or copolymer consists essentially of 

(I) I to I00 moleo/o of a recurring units represented by the following formula (I) 



55 



and 



CH 2 CH 3 (I) 

O-CH.-C - CH_ 60 
2 \ / 2 
O 



65 
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(2) 0 1 99mqle0/p f at least onejype of recurring units represented by the following formula (II) 
R 

wherein R represents a member selected from the class consisting of a hydr gen atom, substituted or 
unsubstituted Ci-Cia alkyl groups, substituted or unsubstituted C2-C15 alkenyl groups, substituted or 
unsubstitutedC3-CB cycloalkyl groups and substituted or unsubstituted Ce-Ci4 aryl groups, 
and has a reduced viscosity r|red determined at 45° C in its O.IVo by weight benzene solution or at 80 C in 
its O.io/o by weight monochlorobenzene solution, of at least 0.01. 
The recurring units of formula (I) are derived by opening only the methyl-free oxirane ring of the two oxirane 
rings of the compound of formula (t-a) while the other methyl-containing oxirane ring being left unopen. The 
recurring units of formula {II) are derived by ring-opening of a monoepoxy compound of the following formula 
(HI) ....... 

R 

CH_ - CH (HI) 

wherein R is as defined with regard to formula (II). 

In the definition of R in formulae (II) or (III), examples of the C1-C18 alkyl group are methyl, ethyl, propyl, 
butyl, hexyl and dodecyl groups. These alkyl groups may have a substituent such as halogen, C1-C10 alk xy, 
C2-C10 alkoxycarbonyl. Ci-Cio'acyl, C1-C10 alkylthio, and optionally substituted C 6 -Cu aryl. In the definition of 
R, examples of the C 2 Cia alkenyl group are vinyl, ally! and butenyl. The alkenyl groups may have a subst tuent 
such as halogen, C1-C12 alkyl, C1-C10 alkoxy. C2-C10 alkoxycarbonyl, C2-C10 acyl and C1-C10 alkylthio. n the 
definition of R, example of the C 3 -C 8 cycloalkyl group are cyclopropyl. cyclopentyl and cyclohexyl. The 
cycloalkyl groups may have a substituent such as halogen, C1-C12 alkyl, C1-C10 alkoxy, C2-C10 
alkoxycarbonyl, C2-C10 acyl and Ci-do alkylthio. In the definition of R, examples of the Cs-Cw aryl group are 
phenyl and naphthyl. The aryl groups may have a substituent such as halogen. C1-C12 alkyl. C1-C10 alkoxy. 
C2-C10 alkoxycarbonyl, C2-C10 acyl and C1-C10 alkylthio. • ■ 

The novel poiyether polymer or copolymer has a reduced viscosity Tired, determined at 45 C in its '^^Jv 
weight benzene solution or at 80°C in its O.l°/o by weight monochlorobenzene solution, of at least 0.0I. The 
polymer composed only of the recurring units of formula (I) or polymers composed substantially of the 
recurring units of formula (I) with less than I moleo/o [namely, the proportion of the recurring units of formula [\) 
exceeding 99 moleo/oj of the recurring units of formula (II) preferably have a reduced viscosity Ti,ed, determined 
at 45° C in their 0.|0/ 0 by weight benzene solution, of 0.0I to 2, particularly 0.05 to 2. Copolymers composed o I 
to 99 moleo/o of the recurring units of formula (I) and 99 to I mole% (the total I00 mole 0/0) of the recurring units 
of formula (II) preferably have a reduced viscosity tired, determined at45°C in their OJO/o by weight benzene 
solution or at 80° C in their 0.l<>/0 by weight monochlorobenzene solution, of 0.0I to 5, especially 0.05 to 3. in tne 
case of the copolymers, suitable mole ratios for the intended uses may be selected. For example, when the 
copolymers are to be used as epoxy resins, it is preferred to adjust the proportion of the recurring unit of 
formula (I) to at least about 30 moleo/o. For use as a rubber or elastomeric material, the copolymer preferably 
contains about 5 moleo/o, or amounts near it, of the recurring unit of formula (I). Such a preferred ranges of the 
proportion of the recurring units of formula (I) can be preselected and prescribed easily by expenments 
according to the purpose of use and the type of the recurring units of formula (II). 

The novel poiyether polymer or copolymer of this invention can be produced by polymerizing the compound 
of formula (l-a) or copolymerizing the compound of formula (l-a) and the monoepoxy compound of formula 
(111), in the presence of, as a catalyst, a heat-reaction product of (A) an organotin com P°"" d e ^ d <f 1 ■ 
complete or partial ester compound of (HO) 3 PO which is disclosed in U. S. Patent No. 3,773,694 wh se 
inventorship includes Tetsuya Nakata who.is one of the coinventors of the present application. 

When, for example, the diepoxy compound of formula (l-a) in accordance with this invention is polymerized 
by using organoaluminum-water containing catalysts heretofore welt known as a catalyst for ring- open ng 
polymerization of a broad range of oxirane compounds, crosslinking reaction proceeds rapidly, and tne 
solvent-soluble poiyether polymer of this invention cannot be obtained. 

Among the known heat-reaction products disclosed in detail in U. S. Patent No. 3,773,694, h"t- rea ™n 
products of (A) organotin compounds selected from compounds of the following formulae (1) to (Iv) and (Bj a 
complete or partial ester compound of (HOhPO are preferably used. 

Rj SnX4-i (l) , w »•» ♦ Ar>r 

wherein R' represents a C1-C12 alkyl group, such as methyl, ethyl, propyl, hexyl and dodecyl. unsubstituteo or 
substituted by a substituent selected from halogen, hydroxy. C1-C10 alkoxy and C1-C10 alkylthi . a C2-C8 
alkenyl group, such as vinyl and ally!, unsubstituted or substituted by a substituent selected from halogen, 
hydroxy, C1-C10 alkoxy, C1-C10 alkylthio. and optionally substituted Ce-Cu aryl. a C 3 -Ca cycloalkyl group, 
such as cyclopr pyl. cyclopentyl or cyclohexyl, unsubstituted or substituted by a substituent selected from 
halogen." hydroxy. C1-C12 alkyl. CrCo alk xy. CrCio alkylthio and optionally substituted Cs-Cw aryl. a 
C 6 .Cu aryl group, such as phenyl and naphthyl. unsubstituted or substituted by a substituent selected from 
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halogen, hydr xy. C1-C12 alkyl, C1-C10 alkoxy, C1-C10 alkylthio and ptionally substituted Ce-Cu aryl, or a 
C7-C18 aralkyl group, such as benzyl or phenylethyl, unsubstituted or substituted by a substituent selected 
from hal gen, hydroxy, C1-C12 alkyl. C1-C10 alkoxy and CrCto alkylthio: X represents an atom or group 
selected from halogen atoms such as CI, Br, I or F. C1-C12 alkoxy groups, aryloxy groups having Ce-Cia aryl 
acyloxy groups having C2-C12 acyl and residues of partial esters of phosphoric acid; anffa is an integer f I to 5 
4; provided that when a Is an Integer of 2 to 4, R 1 groups may be identical or different. and"when a is I or 2 the 
X's may be identical or different. . " 

R i SnOc (H) 

wherein R 1 is as defined with regard to formula (i). b Is I or 2, and when b is I, c is 3/2 or when b is 2. c is I, the 
compound of formula (ii) may form a complex wiTh the compiound of formula (i). 10 
R2 *Rj SnOSnR JfR2 ..... (Hi) 

wherein R1 Is as defined with regard to formula (i). R* Is as defined with regard to R 1 and X. and the two R* 
groups may be identical and different. 
(R I Sn) d X' (iv) 

wherein R 2 is the same as defined with regard to formula (iii) provided that at least one of the three R 2 groups ' 15 
is a group selected from the groups defined for R* in formula (i); X' Is a member selected from the group, 
consisting of a carbonate group, a phosphorus or oxyacid group, a polybaslc carboxylic acid group and a 
residual moiety of a potyhydric alcohol; anddis a number greater than I and corresponds to the basicity of the 
member X'. 

Preferably, (B) is a compound represented by the following formula ' 20 
(R 3 0) 3 P-Q 

wherein R 3 represents a member selected from the class consisting of a hydrogen atom, C1-C12 alkyl groups 
C2-C12 alkenyl groups and C3-C8 cycloalkyl groups which may be substituted by halogen, and at least one of '. ' . 
the R 3 groups represents groups other than the hydrogen atom. 

In the organotin compound (A) selected from the compounds of formulae (I) to (iv), specific examples of the 25 
compounds of formula (i) are (C 2 H 5 )4Sn, (CeHshSn, (CH 3 ) 3 SnF, (C 4 H 9 ) 3 SnCI, (CH 3 ) 3 SnBr, (CaH/bSnCI, 
(CH 3 ) 2 SnF2 ( (C 4 H9hSnCl2, (Ci2H2 3 ) 2 SnBr2, (cydo-CeHnhSnb, (C4H9)SnF 3 . (CeHi7)SnCl 3 , 
(C4Ha)3SnOC4H 9f 



O-CH. 



/ ,2 

(CH 3 ) 2 Sn . (CgK 17 ) 3 SnOCOCH 3> 

^O-CH- , 

Z 35 

(CgH 17 ) 2 Sn(OCOC 17 H 35 ) 2f and (CH^Sn 

^OCOCH. . 

Specific examples of the compounds of formula (ii) are (CH 3 ) 2 SnO. (C4H 9 ) 2 SnO, (CaHuteSnO, (C 6 H 5 );t 
2SnO, CH 3 Sn03/ 2 , and C 4 H 9 Sn0 3 /2. 

Examples of the complex of the compound of formula (i) and the compound of formula (Ii) include 45 
(CH 3 ) 2 SnO»(C2H5)2SnBr 2 , (CH 3 )2SnO«(CH 3 ) 2 SnCI 2 , and CH 3 [(CH 3 )2SnO] a CH 3 «(CH 3 )2SnBr2. 

Specific examples of the compqunds of formula (iii) are (CH 3 ) 3 SnOSn(CH 3 ) 3 , CI(C4H 9 ) 2 SnOSn(C4H 9 )Cl f 
and (CH 3 COO)(C 6 H5)Sn(C6Hs)(CH 3 COO). 

Specific examples of the compounds of formula (iv) include" 

r<CH 3 ) 3 SnJ 2 C0 3 , [(C 4 H g ) 3 SnJ 2 C0 3 , 
(C 4 H 9 ) 3 s n OP(0)(OC 8 H 17 ) 2/ I (CgH^Sn^PO, , 
« C 4 H 9 ) 3 SnOCH 2 CH 2 OSn <C 4 ) 3 , (C 4 H 9 ) 2 (CH3O) Sn- 

OC04CH 2 ^jOCO-Sn(OCH 3 )(C 4 H 9 ) 2r and ^-CH^ S5 

COOSn(C 4 H 9 ) 3 . 

ou P f°iH? exam P les of compounds of formula (R 3 0) 3 R-O Include (C 2 H5hP04. "(C 3 Hr) 3 P04. 
S?u < CaHl7 ' 3P0 ^ (CH 2 -CH-CH 2 ) 3 P04. {C 6 Hi,) 3 P04. (CICH2-CH2) 3 P04. (CI 2 C 3 H 5 ) 3 P04. 50 

(C 2 H5)2HP04, (C 4 H 9 J 2 HP04. (C4H 9 )H 2 P0 4 . 

The heat-reaction product of (A) the organotin compound and (B) the complete or partial ester compound 
of (HO) 3 PO used as the catalyst can be synthesized by the means kn wn from U. S. Patent No. 3.773,694. F r 
example, It can be obtained in the form f a c ndensation product by heating the compound (A) and the 
compound (B) at a temperature f about 150 to 300°C. As required, a high boiling hydr carbon such as liquid 65 
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10 



ratio of Sn atoms to P atoms. Is from 1:10 to . . substances ar (orme d and liberated by 
,n the catalyst producing reaction, various relet 2*^1^ 

copolymer with a pendant group of the formula 



CH- 



,5 -CH 2 -OCH 2 -C n - / CH 2 



20 



inns molecular and consisting esse^ 
rnoleo/b of at least one type of recurring units o^^ 

45XlnltsOJo A byweightbenzenesolut 1 onorat80 ^^^J^S^tonpfi ether of the following 
least 6.01. which comprises polymerizing 2.3-epoxypropyl-2\3 -epoxy ? meuw „ 



formula (l-a) 

, CH, 

25 • 3- 



30 



H-C - CH-CH o -0-CH_-C - CH (I-a) 
2 \ / 2 2 \ _/ 2 

0 0 

or copolymerizlng a mixture of It with a compound of the following formula (III) 



35 CH- - CH 



40 



45 



SO 



55 



(B) the complete or partial ester compound of JHOjsF '°- , d propylene oxide, butylene 

Specific examples of the monoepoxy compound III) u e s ^j"f 0 d !^ 

in the same polymer chain in the polyether copolymer ^^^^ eoa ^aioatt^^^ 
The polymerization copo^^ 

mixture of it with atleastone ^h?reaJtlon proceeds even at room temperature, 

as a catalyst in the presence or absence of a solvent, Since the reaciion P roc» a 

ll-a) and the compound of formula (III). „j... 0 h or elevated pressure, inclusive of an 

The reaction pressure may be atmospheric pressure or reduced 0 e,e ^ e J cm 2 are em p, 0 yed. 

autogeneous pressure. Usually, pressures ranging ^^^^^^ a great variety of solvents 
Inlhls invention, a solvent may be "P'^T^?^ "-P ara,,in 
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tetrahydrofuran and di xane, and esters such as ethyl acetate and butyl acetate. 

The p lyether polymer or copolymer Is useful, for example, as an epoxy resin, a rubber or elastomeric 
material, an adhesive, a paint, or a reactive polymer intermedial . 

The following examples illustrate the present inventton in more detail. 

EXAMPLE I " *• . " . • . 5 

Compound of formula (l-a) 

A flask equipped with a reflux condenser, a thermometer and a stirrer was charged with 300 ml of methanol, 
331 g (8.0 moles) of acetonitrile, 150 g (1.3 moles) of aliyl methallyl ether and 107 g of potassium hydrogen w 
carbonate, and with stirring at 50°C, 402 ml (3.5 moles) of a 30% by weight aqueous solution of hydrogen 
peroxide was added dropwjse over 6 hours. After the addition, the mixture was maintained at the same 
temperature for 3 hours. After the reaction, the reaction mixture was cooled, and 500 ml of cold water was 
added. The mixture was extracted with five 150 ml portions of methylene chloride, three 100 ml portions of . 
water, three 100 ml portions of 0.IN sodium thiosulfate, and finally with three 100 ml portions of water, dried over. 15 
sodium sulfate, and distilled under reduced pressure to give 160 g (yield 83°/o) of 2,3-epoxypropyl-2\3'-epoxy- 
2'-methy!propyl ether. 

The properties and NMR spectral data of the product are shown below. 

Physical properties 20 
bp : 85 °C/8 mmHg m 

dj 5 : 1.069 * ■ - « 

n£ 5 : 1.4396 

Assignment of NMR spectrum 

CH, ' " 

I.?. 

H,C - CH-CH_-0-CH o -C - CH 0 

* V«"* * \ / s 

Solvent: CDC1 3 ; internal standard TMS 
S s • 1*35 * (3H f s, a) 

2.45 - 2.90 (4H f m, b) ,[ *° 

2.90 - 3.35 (1H, m f c) 
3.35 - 4.15 (4H f m, d) . 



The Infrared absorption spectrum of the resulting product is shown in Figure I. 



45 



EXAMPLE 2 * 

A three-necked flask equipped with a stirrer, a thermometer and a distillation device was charged with 12.5 g 50 
of dibutyltin oxide and 26.6 g of tributyl phosphate. With stirring In a stream of nitrogen, the compounds were 
heated at 250° C for 20 minutes, and the distillate was removed. A solid condensation product was obtained as 
a residue. 

The Inside of a 50 ml glass ampoule was purged with nitrogen, and the ampoule was charged with 40 mg of 
the condensation product obtained as above and 15 g of 2,3-epoxypropyl-2\3'-epoxy-2'-methylpropyl ether 55 
having a concentration of less than 10 ppm , and the ampoule was sealed up. With shaking, the compound as 
reacted at 40° C for 48 hours. After the reaction, the reaction mixture was poured into 100 ml of hexane 
containing 0.5<Vb by weight of 2,2'-methylenebis(4-methy!-6-t-buty!phenol, and Immersed overnight. Hexane 
was then removed by decantation, and the residue was washed twice with 100 ml of the same hexane as used 
above, and then dried to give 12.7 g (yield 85%) of a polymer. The polymer had a reduced viscosity, measreud 60 
at 45°C in Its O.IP/b by weight benzene solution, of 0.45 and an epoxy equivalent f 142 (theory 144). 

The infrared absorption spectrum of the polymer is shown In Figure 2, and the nuclear magnetic res nance 
spectrum, In Figure 3. 

65 
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EX TrlbS chloride (10.5 g) and 7.4 g of tributyi phosphate were put in the same flask as usee I In f*»W»£ 
With stirring In a stream of nitrogen, the mixtur was heated at 250'C for 30 minutes, and the distillate was 
removed. A solid condensation product was obtained as a residue. 

The same polymerization as in Example 2 was carried out except that 25 mg of the resulting conden sation 
P r2uc^as P used as the catalyst and the polymerization was carried out ? * ■ 
obtained 12.2 g (yield 81%) of a polymer having a reduced viscosity, determined at 45 e C in its Wb by weight 
benzene solution, of .0.09 and an epoxy equivalent of 143. 



10 ^iphenyltti dichlorlde (II.0 g) and I6.9 g of tributyi phosphate were put In the same flask as "sedi"^mple 
2. With stirring In a stream of hitrogen. the mixture was heated *t 250'C for 35 minutes, and the distillate was 
removed A solid condensation product was obtained as a residue. 

Te same P oSnerizat.on as In Example 2 was carried out except that 25 ^^gS^S^ 
product was used as the catalyst and the polymerization was carried out at 30 C for 60 hours Jhjre was 
obtained 11.8 g (yield 79%) of a polymer having a reduced viscosity, determined at 45'C in its K>/o by weight 
benzene solution, of 0.92 and an epoxy equivalent of 145. 



15 



20 



25 



30 



Dibutyltin oxide (K).0 g) and 23.4 g of tributyi phosphate were fed into a ^-necked flask equ.^ 
stirrer.athermometerandadistillatlon device. With stirring in a stream o^^^ 
for 15 minutes, and the distillate was removed. A solid condensation product was obtained as s ^due 

The Inside of a 50 ml glass ampoule was purged with nitrogen, and 1 30 mg of the • * ^Jg«£^^ 
mixture of 12 g of 2.3-epoxvpro Py l-2'.3'-epox yr 2'-meth y l P ropvl ether and 20 g of JJJJ 
content of less than 10 ppm were charged into It. The ampoule was sealed up. and with shaking the mixture 
tSS^McE* hours. After the reaction, the reaction mixture was put into DO ml of rnehano 
SXg 0 5 o/o by weight of 2.2'-methylenebis(4-methyl-6-t-butylphenol and immersed «^"^anol 
was removed by decantation. and the residue was washed twice with 100 ml of methanol and then dned under 
reduced pressure at lOO'C for 8 hours to give 29 g of a tacky rubbery polymer. 
The mole ratios of the monomers charged, the reaction conditions, and the '.composition of the resulting 

in Figure 9. 

35 E w5XS2n. catalyst as used in Example 5. the same copolymerizatlon as In Example^ f was repeated 
under the conditions Indicated in, Table I. The compositions of the resulting eopojrmn ^enrigbyiH 
• NMR spectroscopy, are shown in Table I. The infrared absorption spectra of ^^^l^S^ 
ETamples6to9ar7^ 

40 in Example 6, in Figure iO. 
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Table 1 



Example 


5 


. 6 


7 


8 


9 


Monomer charqed . (mole %) 












2 /3-Epoxypropyl-2 • ,3 '-epoxy- 
2 , -rnethylproFyl ether 


20 


30 


80 


5 


40 


Propylene oxide 


80 




20 






Epichlorohydrin 


. - 


70" 




- 


- 


Glycidyl acetate 




- 


- 




■ - 


Styrene oxide 


'- • 


' - 


— 


. - 


60 ' 


Amount of the catalyst 
(g/roole of monomer) 


0.07 


0.O6 


0.08 


0.05 


0,09 


Reaction tenperature (°C) 


40 


45 


'50 


50 


50 


Reaction time (hours) 


50 


50 


70 


60 


70 


Copolymer produced 












Yield ('%) 




89 


65 . 


70 


78 


Reduced viscosity, 1 te £ 


2.48 
(*) 


0.82 
(**) 


0.15 
(*). 


0.35 
(*) 


0.78 
(*) 


Composition as monomers 
(irole %) 












2 #3— Eooxvorocvl— 2 1 #3 1 — eroxv- 
2 l -nethylpropyl ether 


18 


21 


75 


4 


31 


Propylene oxide 


84 




25 






Epichlorohydrin 




79 








Glycidyl acetate 








96 




Styrene oxide 










69 



(*): Mwasured at 45°C in a 0.1% benzene solution. 
(**): Measured at 80°C in a 0.1% monochlorobenzene solution. 
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Claims 

5 



1 A polyether polymer or copolymer consisting essentially of 
(1) 1 to I00 moleo/o of recurring units of formula (I) 



*> 4CH 2 -CH-Of 

CH 2 CH 3 
6-CH 9 -C - CH 2 

15 0 



and 



? 2J 0to99mo1e%ofat.eastpne^^ ^CH.-CH-of H« 

alkylthlo. . . ■ . 2 . vl _ rec j uce d viscosity T]red of 0.01 to 5. 

;me^ng2.3-epxoypropyI-2'.3'-epo X y-2'-methylpropy!etherofformula(la) 



4. 

polymerizing ! 
35 CHj 

H 2 C - CH-CHj-O-CHj-C^-^Hj (I-a) 
\) - 0 
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or copolymerizing it with a compound of formula (in) 
CH,-L (III> 

s o / 



wherein R is as defined In claim 1 „. ftri .iet of IA. an orcanotln compound and (B) a 

in the presence of. as a catalyst, al ^fJ^ISiSSSlSn saS orlanotin compound (A) being 
complete or partial ester compound of the formula (.HOjaru. sa. a u 
selected from compounds of the following formulae (i) to (.v) 

l^.r».hy*oxyX.<:i.^^f>- c '°S~™ c P^?. Ei C,-C,o alkylttito. and optionally 
a subslbian) .alaetao from halosan. lv<lro>y. C.-C. ■"J^J^JJ b> ; su t,s«lueol aalootaa 

■LatuM c.-c,. • c.-c. ^S^^^t^iSm^v^ •*•»*•» c.-c,. 

esters I ph sph ric acid: ond a is an ntoyor oi 1 t 4. prov idenlicaI or dillerenf. 

«j, ups may bo identical or d.llerenl. and wrmn a is 1 or i. the X s may be iaeni 
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R?;Sn(> (ii) 

DC 

wherein R 1 is as defined with regard t formula (i), b is 1 or 2. and when b is 1 . c is 3/2 or when b is 2, c is 1 . 

the compound of formula (ii) may form a complex with the compound of formula (i) ; ~" $ 

R^RjSnOSnR^R 2 (iii). 

wherein R 1 is as defined with regard to formula (i), R 2 is as defined with regard to R 1 and X, and the two R 2 10 
groups may be identical and different; and 

(R^n^X' ..... (iv) 

15 

herein R 2 is the same as defined with regard to formula (iii) provided that at least one of the three R 2 
groups Is a group selected from the groups defined for R 1 in formula (i); X' is a member selected from a 
carbonate group, a phosphorus or oxyacid group, a polybasic carboxylic acid group and a residual moiety 
of a polyhydric alcohol; and d is a number greater than 1 and corresponds to the basicity of the member. 
X\ - ... 20 

_ . 5. A process according to claim 4 wherein the complete or partial ester compound (B) is a compound of ... 

"formula • . . 
(R 3 0) 3 P~0 * 

wherein R 3 represents hydrogen, Ci-Cu a!kyl,C2-Ci2 alkenyl or C3-C8 cycloalkyl which may be 
substituted by halogen, and at least one R 3 is other than hydrogen. ,25 
6. 2,3-Epoxypropyl-2\3'-epoxy-2'-methylpropyl ether of formula (l-a) 

CH 3 

H 0 C - CH-CH o -0-CH o -C - CH 0 (I-a) .30 
0 0 

7. Use of a polyether polymer or copolymer as claimed in claim 1,2 or 3 as an epoxy resin, a rubber or 
etastomeric material, an adhesive, a paint, or a reactive polymer intermediate. 35 
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